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(54) Solid-state image pickup device and method of resetting the same 



1 



(57) A solid-state image pickup. device, comprises 
;; for each pixel a photoelectric converter PD. an input ter- 
minal FD of a signal amplifier and a transfer switch TX 
for transferring an optical signal from the photoelectric 
;. convener to the input terminal. The. device additionally 
1,1 comprises means tor resetting the photoelectric con- 
vener by opening the transfer switch TX under a condi- 
tion of holding the voltage of the input terminal FD to a 
\ fixed high level oefore storing the optical 6ignatin the 
photoelectric convener PD. With this arrangement, any 
residual electric charge in the photoelectric convener 
can be eliminated without paying the cost of reducing 
•:■ the manufacturing yield and degrading the chip perform- 
ance. 
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Description 

BACKGROUND OF THE INVENTION 
Field of ihc Invention 

[0001] This invention relates to a solid-state image pickup device to be used for an image input apparatus iuch as"/ 
a digital camera, a video camera, an image scanner or an AF sensor and also to a method of retorting the same. ►/ . 



10 Related. Background Art 
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[0002} Typical examples of solid-state image pickup device include me CCD Imago sensor and the non-CCD ima^e ' 
sensor. The lormer comprises a photoelectric convener having photodiode* and a CCD shift register, whereas the 
latter comprises a photoelectric convener having photodiodes or photo-transistors and a scanning circuit having MdS^V 
^transistors. . . 

[0003] The APS (active pixel sensor) is a type of non-CCD image sensor comprising a photodiode and MOS tran- 
sistors. 

>. [0004] More specifically, an APS corr^rises combinations of a photodiode, a MOS switch and an amplifier^ ' 
plitying the signal from the photodiode. each combination being arranged in correspondence to a pixel, and provides / 
a number of advantages including the capabilities of "XY addressing* and "realizing the sensor and the signal process- 
ing circuit in a single chip*. On the other hand, it is rather difficult for an APS to reduce the chip site lhat is a determinant % 

;; of the dimensions of its optical system because of the large number of elements it has for, each pixel. This is the rcasorv 
why the market for solid-state image pickup devices has been dorhinated'by conventional CCD inrmgo sensorsid date.? 
[0005] However, in recent years, due to the technological development for miniaturizing MOS' transistors and the 

.. strong demand for "realizing the sonsor and the signal processing circuit in a single chip" and 'reducing the* powfrj; 
consumption rate of the image sensor lor trie-purpose of power saving-*, the APS has been attracting attention as ifisV 
also called a CMOS sensor. 

[0006] FIG. 23 ol the accompanying drawings schematically illustrates the pixel section of a known APS and its 
operation. ;. 
[0007] Referring to FIG. 23, photoelectric converter PD is a buried typo photodiode similar to the one typically used 
in a CCD With a buried type photodiode, the dark current that can bo generated on the SiOj, surface can be suppressed 
by arranging a p+layer containing an impurity to a high concentration level on the surface and the saturation charge of ^v;, 
.(the phoiodiodc can be raised by the junction capacitance generated between the n-layer of the storage portion and : ^ ' 
: the p+ -layer of the surface, it operates in a manner as described below. Firstly, diffusion region Fp is reset to a" reference ; 

voltage by applying an on-pulse to gate RST. Thereafter, an off-pulse is applied to the gate RST lo bring the diffusion 
-_ region into a floating state in order to start storing data. After a certain period of time, another 6n-puise is applied to^ 
r ' gate TX to read the charge ol thc optical signal stored in the photoelectric converter PD to fleeting diffusion region Ffb. : 
which is the input terminal o! the amplifier of the APS, by way of MOS transfer section T)C Then, the signal charge * < 
Pd9 is convened into voltage Qt^/Cpp by means of the capacitance C Fp of the floating diffusion region FD and the f \k, 
^signat is readbyway of a source-follower circuit that uses the floating diffusion region FD as its input terminal:' i 
[0008] When a reverse bias voltage is applied to a buried type phbtocJiodc, dspletidh layers' extend from'the PN ; * 
junction at the interface with the surface palaver and from the PN junction at the interface with the P-type well PWl . 
perpendicularly into the n-layer. At this time, the number of electrons in the n-layer of the photodiode .is substantially y 
,? equal to that ol the neutral region located between the two depletion' layers and it is reduced in proportion td tne width ? \ 
of the depletion layers. The number of electrons of said neutral region when the reverse bias voltage is 0 volt corre- * , 
spends to the saturation charge O^. As the both depletion layers extend to contact each other by the reverse bias . ' ; 
,\vottage, the inside of the photodiode is completely depleted to make the neutral rje^ion nor)-cxislcnt The pv^se'bias"^ f ^> 
'^voltage for making the neutral region non-existent wdl be referred to as depiction voltage V^ p in the lolidwipcj description. ,v \ • 
[0009] If a reverse bias voltage greater than the depletion voltage is applied, the electron concentration of ! the n- ' , 
layer of the photodiode decreases as fin exponemial funclion of The reverse bias voltage. '.. 
.[oqi oj When the n-layer of the photodiode of an APS having a contjguration as descried above is' depleted; the l - y 
s electric charge generated by light is almost totally transferred to the lloatrng diffusion region FD to' reset the electron • ^ . 
state in the photodiode. A mode of transferring almost all the electric charge of the photodiode is referred to as depletion ' 
transfer hereinafter. . . / ■/ ^ , ; .!. 

!i[0011] FIG 24<;df the accompanying drawings shows the relationship between the saturation cHa/ge of a photodiodjB V * s l 
and the voltage of the floating diffusion region FD upon reading the saturation charge and also the relationship between : '- 1 
the saturation charge of the photodiode and the depiction voltage 2. Then, the voltage V FDsal of the floating diffusion . 
reckon FD is expressed by the formula below: • '-. f . -H* 

■ . . ; ' • ? ■ <■ ■ ■': " ? ■ . ■ • ' /■!■ ' H 



'; ft ' J 

is 1 
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where is the reset voliage, Q^, is the saturation charge ot the photodiode and C F0 is the capacitance of the floating 
s diffusion region. ' " i* *, • • 

[0012] Generally, the saturation charge of a photodiode has to be higher than the level of realizing a desired sensitivity,;, 
which may be A m FIG. 24. For realizing a depletion transfer, on the other hand, the requirement of 
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has to be met, provided that is Ihci depletion voliage ot the photodiode. which is indicated by B in • ! > * j • . ' \ )' ^ ; 

' FIG. 24. If V FOcat < v dp , the reverse bias voltage of the photodiode will becom© the vo&age of the floating diffusion' ' " ' 1 ■■ f • M V " 

region to leave a neutral regtonwithm^^ , ... j% ,» 

the capacitance division between the capacitance attributable to the bom depletion layers and thn capacitance of the • : ... 1 - 

; . floating diffusion region. At the same time, electrons will remain in the pnoiodiode by an amount equal to the saturation ~ f \ ■■' X S .", ./ ) 

' charge Q Mt after the reading operation so that they can give rise to a residual image arid a noise, ; : ' . 1 *■ ■ - ' 7 v:.-V; " 

[0013] As described above , in the known APS, the saturation charge Q^, ol the photodiode Wmade to meet the - f\ jf 

, requirement of A < < B so as to be found within the interval of C in FIG. 24, ; -.y v< 4 : > ' . ■ * •= ilvJ'V 

20 [0014] However, the saturation charge or the depletion voltage^ is apt to be affected by variances i' pi the; • ^ -V i£ :: L f *% % 

manulacturing process. For instance, the depletion voltage can be shifted by 0.4 volt when Iho dose of ion implaniaiion ' jjl > 5 

for forming then-layer of the photodiode is varied by 10%. "■' :i .- : v 5 j V s $ 
[0015] Then, the net result is a low manufacturing yield. 



■ [0016] Therefore, it is an object ot the present invention to provide a solid-state image pickup dnvice that carl effec- ' - ^ i />-• 1; , ; " 
lively reduce the residual charge in thc» photoelectric converter and operate effeaively and ef ficienily Tor photoelactf ic 
conversion and also a method of resetting the same. 

[0017] , Another object of the present invention is lo expand the process tolerance for ^ manulacturing a solid-state; ; ; ) ly 

• -l image, pickup device that is adapted to be" reset in a desired manner. I : > F-\ * ■• ■{ \ \ff |f % 

[0018] According lo \t)c invention, there is provided a solid-state image pickup device comprising a photoelectric ' A ;* ' % . 

cc^verter.aninputtcrminalforsignatafnptincr.atransferswiichfortransferr^ ; ' • \ f ^ J 
, converter to the input terminal and a reset switch for applying a reset vottage to the input terminai, wherein said device "Wl 
-35 ^is adapted to inrjut a puisc signal to the reset switch and the transfer switch in order to tum on said reset switch arid^ * r ■ • " ; V^VV 

said transfer switch simulianeously. 5 '^-y ^ 

' BRIEF DESCRIPTION OF THE 0RAWINGS J-VjV;- . \v 

•M? [0019] FIG. 1 is a schemalic circuit diagram of a preferred embodiment of solid-state image pickup device according ' a : : :| 

to the invention. ^. i . ' v^- 

t f(0020] FIG. 2 is a drive timing chart illustrating the operation ot the preferred embodiment of soled -state image pickup .. fi.. ^ if 
device according to the invention. . 1 l " 5 » : ! . 'p * : '}$',. 

[0021] FIG. 3 is a schematic cross sectional view of a principal portion of the preferred ernbodiment ot solid-slate . : ') 

4 &, Mrnage pickup device according to the invention; < . ■ • -\\U:,' 

\ "l 0 ^ 22 ) F,G - 4 fe ■ schematic illustration of changes that can lake plaEe.in the potential pro^es.df principal sections L'. ' 1 : *■ vi."?'" ^ 
ot me preferred embodiment of solid-state image pickup device according to s ^ V ^ 

[0023] FIG. 5 is a graph showing the dependency of the voliage of the floating diffusion regioh on, the saturation W v S'/jf.' 

•charge, illustrating the reset voltage necessary for depleting the photoelectric converter .ol the preferred cmboiime^T - K f - i/y^ 'M'^- 

SO of solid-state image pickup device according to the 'invention. . ; • t , ; f'V V; ' \ , : f 

[0024] FIG. 6 is a schematic cross sectional view of a principal portion of another preferred embodiment of sond- ' ■ / ' ? ; . i' 
. .. state image pickup device according to the invention. . j ; - , ; . 

•i:(0d2SJ FIG. 7 is a schematic illustration of changes that can take place In the polcntiat profiles of principal; sections [ '"} i t ' -rf'ti 

of the jjreferred embodiment of solid-slate image pickup ( device according xo the invention. : ' • ' 

55 r°02e] FIG. 6 is a di rve timing chart illustrating the operation of the preferred embodiment of eolictelaie image pickup 

device according to the invention. \ " = ; ' ;v • $'-!*["!. .'• « • * X' ti^i 

,l [0027] FIG; 9 is a schematic circuit diagram of a pixel of still another preferred embodiment ol solid-state image v *" v : Vi -i -\,.h ^ 

pickup device according lo the invention. ? " "■ j 
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[QQ28] FIG. 10 is a schematic circuit diagram ol the preferred embodiment of solid-state image pickup device ac- ; ; 

cording to the invention. /? 
[0029] FIG. 11 is a drive timing chart illustrating the operation of the preferred embediment of solid-alatc ih^ge'piclrtip I "i*f.;* 
device according to the invention. : V - * 

[0030] FIG. 12 is another drive timing chart thai can be used for The operation of the preferred embodiment of solid- I' 
state i image pickup device according to the invention. V<: , 

', [0031] FIG. 1 3 is a schematic illustration of an image input apparatus that can be realised by using a solid-state ! ? V* 3 
image pickup dcvicG according to the invention. 
[0032] FIG 14 is a drive timing chart illustrating the operation of the image input apparatus. :A : )l 
[0033] FIG. 1 S is a schematic circuit diagram of still another preferred embodiment of solid-siare image pickupbevice \\ i ftfV"*. 

according to the invention. . . •, ' • 

[0034] FIG. 16 is a drive Timing chari illustrating The operation of the preferred embodiment of solid-state image ; <f *i $ . l , 

pickup device according to the invention. ^ ' 

;[0035] FIG 1 7 is a schematic circuit diagram of still another preferred embodiment of solid-state' image pickup device " } ; 'l ■ y : \§ 



is according to the invention. 

[0036] FIG. 18 is a drive timing chart illustrating the operation of the preferred embodiment of solid-state image ' 7 j. i : "v i< 

, t pickup device according to the invention. - ; • : -V-i^ 

•"[0037] RG. 1 9 is another drive timing chart- that can be Used lor the operation of the preferred embodiment' of solid- * ' ' ; : )^\U^:$% 
state image pickup device according to the invention. ( ' : 

20 [0038] FIG. 20 is a graph illustrating the dependency of 1he output of the preferred embodiment of solid-state imaged 
.pickup device according to the invention on the quantity ot incident light. v / 
* [0039] FIG. 2t is a schematic cros6 sectional view of a principal portion of the preferred embodiment of stolid-state ) 
image pickup device according to the invention. ■ * .; -i r}' 

[0040] F|G 22 is a schematic illustration of changes that can take place in the potential profiles of principal sections^ . ,;, '-O'W 
& .■• of trie preferred embodiment ol solid-state image pickup device according to the invention. ' ■/ !" * : J> $ \t, 

[0041] FIG. 23 is a schematic cross sectional view ol the preferred embodiment of solid-state image pickup device ' . . ' </ 

according to the invention .illustrating a depletion transfer thereof. ' '. -V ■••' \\ \ 

[0042] FIG. 24 is a graph illustrating the dependency of the voltage necessary for depletion transfer on the saturation --r ■ % : • . 1 ; " ' W • .;7 
i charge of the preferred embodiment of solid-state image pickup device according to the invention ^o ^f Ujf ^ 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS { * $ "J 

: , ... ^% .v-v;;%y\i 

[0043] Now, the present invention will be described in greater detail by referring to the accompanying drawings that S . f f • . ,;'■ 

illustrate preferred embodiments of the invention. • 'vi' >•£ 

■ ^Embodiment! ; 1 , ■"- ■ ; .. 'V^'i : ( ' : v ; -. ; ; i ..h- 

[0044] FIG. 1 is a schematic circuit diagram of a pixel of a preferred embodiment of solid-state image pickup device ; y "T J 

Recording to the invention and FIG. 2 is a driye'timing chart illystiating the operation of Ihc pref erred embbclirtient of '' y ; *"".;\ 

*Q 1 i solid-state imago pickup device accord|ng to the inventor Nolo that the basic configuration of This embodirncnt % ■{ \'* \*%IA ' ^ "5 

j* commonly applicable to the remaining embodiments as will be described ■ ** : 

[0045] The photoelectric converter PD Typically comprises a phoTodiode having a PN junction or a PIN junction. ' •? . , . ! ' ^ ,^ 

- ^0046} pne;of the terminals of the photoelectric converter is held to a referenco potennal t6r allying a reverse bias # ./ ; ^ ^ > !.Vt 

voltage, while the other terminal thereof is connected to a transfer switch Q1 From FiSg. 1, it will be seen That the ' ^'f r ' V l 

^5 cathode is connected to the transfer switch Q1 to transfer electrons. ; ^ V j vi 

[0047] in ■FIG. 1 , Q2 denotes a reset switch having one of its terminals connected to reference voltage source VDD . »: ■ -i 

Jtor apjpfying a resetting voltage. . r -i. ■■" .• ! v v jS- ' ' j'H ; : i ■»? i^^i if . 

[0048] Q3 denotes a transistor operating as amplifier for outputting a signal obtained by amplifying me sio/ial input l . : \ ; : $1* 

To the gale that operates as input terminal. ■ ' f-'IKiH;' 

'[0049] Q4 denotes a selection switch for selecting a pixel frorn which a signal is to be read out. , ; . ' j : 1 •".!»' v.^.; 

' 1P05^: A pufseisignal as shown in PIG, 2 is applied to the gate of each of ihe switches from a control circuftrSCtJ* ? 1 ^ ■ M ; c ^ 
[OOSI'J PIG. 3 is a schematic cross sectional view of the semiconductor chip incorporating pari of the circuit of FIG. ' 
i and RG. 4 is a schematic illustration of changes that can take place in the potential profiles of principal sections of '} 
.the embodiment.; in FIGS. 3 and 4, TX denotes the potennal energy under ihe gate of jhetransler switch ancl'RST % 'ft 
55 denotfe's the potential energy under the gate of the reset switch. ' ,,** ' *' s 

[0052] The n-type scniiconductor layer of the photocfactiic convener PD is held in common w«h one of the main 
electrodes of me MOS transistor of the transfer switch Q1 and the othei main electrode of the transfer switch Q1 also 



3S 



i 'Operates as floating diffusion region FD, which will operate as input terminal of the amplifier ": • §■ *) - ; . r ^ $ # ; 
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[005&] ' The reset switch 02 comprises a MOS transistor having a pair of main electrode?, tfhich are toe tioatitfg. * 7 '\' J V : % f 

diffusion region FD and the semiconductor region to v^ich the retererKre voltage VDD is applied tor resetting' ■ ' : 
[00S41 The floating diffusion region FO is connected to the gate of die transistor Q3. although thn transi6iors Q3 and ■' ,: ' 

the selection switch Q4 are not shown in FIG: 3. ."'"«, I ! *. J . ' ! # ; : ' : * 

i, [0055] FIG. 2 ; and FIG. 4 illustrate how the embodiment of FIG. 1 operates. Firstly, the diffusion region FD is resfel r ,' ' ' ' » ' !>r j. i<£ ' 
to the reference voltage by inputting a high level pulse such as $RST to the gate of the reset switch Q2. P1 in FIG. 4: 
shows the- potential profile that will be observed at this Time. 

[0056] ' Then, the photoelectric converter. PD is reset by inputting a high level pulse such as>TX to the gate' of trie f - ; - '/>. ? j S.ijf^ 
transfer switch 01 . Since the reset switch Q2 is held on at this lime, the potential profile will beJsucH as the one indicated i ' 



.:- J > 
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ro by P2 at Ihis time so That the electric charge wiU be completely transferred to the diffusion region FD. \ .• t ,/ f 

[0057] Subsequently, the transfer switch Q1 is turned off to isolate the photoelectric convener F»D and the diffusion < J - , V' ; 

: :; region FD from each other. Then, since any residual electric charge of the photoelectric converter pd has been com- .. T ; • £ V f 

pletely transferred to the diffusion regionFD. the n-layer of the photoelectric convener PD will be completely depleted ■ . y. . -V; . {' 

[0058] As the transfer switch Q1 is turned off. the photoelectric convener PD starts storing a photoelectric charge. . > * /! : 

f* [0059] Thereafter, the reset switch Q2 is lurried off. Then, the potential profile will be such as the one indidateb by 'V$\ ; - ■ ■ = ; ! i'i ? 

: .^P3inFiG. 4. ■■. ; ",■ ' . f:;. i: - • M^'fi^^v;^ 

[0060] After storing the electric charge for a cenain period of time, the transfer switch Q1 is turned on once again to;- " . ■< J;', £ '-Ir | ,.; :; ; f 

transfer the electric charge stored in the photoelectric converter to the floating diffusion region FD. P4 in FIG. 4 indicates \ * ". ;>'.»• [ I r * ■ * 

- :; the pbtehtial profile that will be observed at this 5 time. ^ ' v> ; 'ff ••; v^y.? 4 -f 
?o [0061] Then, after turning off the transfer switch Q1, selection pulse <>T is input to the flate of the selection Switch : / . ^ ^fQ. ' ■ •' r ' 

Q4 and the signal amplified by the transistor Q3 is read out. '\ ' ^^^4 

( [0062] P5 in FIG. 4 indicates the potential profile that will be observed after turning off the transfer switch Ql - 1 }«j ii : ;■ ; v i^^^i ;. 

[0063] Any residual electric charge remaining in the phc^oelectric converter PD will be removed by carrying o = f / ^ 

above resetting operation for another time. "J ' . ; . 

8S [0064] in this embodiment, a reverse bias voltage higher than the depletion voltage is selected as reference voltage \ " j V-'t i. 4 ; 

. VDD to be used for resening operations and the transfer switch Q1 is turned on while applying this voHagd'foi the ; ' 'jt; . - ;V ^ ., 

.* ^diffusion region FD by way of the reset switch Q2. r ^ ; \.£ "v -.1 ^ 

[0065] In this way, a reverse bias voltage higher than the depletion voltage is applied to the'pholodiode to sufficiently : . \ jfLi .If : J 

reduce the residual electric charge in the photodiode. (f the saturation charge CL at of the photodiode is found between , i •. , ■ V^v! ; ^ 

5P and, F- in FIG. 5 and the transfer switch of the -prior an is turned on;while an electric charge corresponding td thjp'": ? | i. . ;■/ ^ t 

"saturation charge is stored in the photodiode; a large electric charge exists in the photodiode because Vpo^ « V^if : ! ? ? " ;! : ' 4 

the transfer switch Q1 is turned off to enter the next storage period and the signal charge is read dut'under this condition. ' ? , ' IP ^ £ $ 

the residual electric charge that is not read out in the last reading period will be added to the signal charge read out & w „ : ; ; .; ,j " . '** 

■ tfhistime. . ( } \ t ;. : :i ' '* t'v '-'^i^ 

55 [0066] To the contrary, according to the invention, the electric potential of the diffusion region FD is held to a lev/el , : - , ': ^ - : . ; 

that is sufficiently high for applying a reverse.bias vohaga highe r than the depiction voltage V dp to the photodiode and . ' ' ' f ;l ''["■■ ' ' ] :|- ]: < ^ 

then any electric charge remaining in The photodiode is eliminated to reset the latter by turning on ihc-transf.e/swttchs }v ; ; . M',. \} \ ^ 

!-[0067] As a result, no depletion transfer operation is required for the electric charge ofthe photodiode at the time of . f • , ! ;>A.f | 'ffi $ .?/ 'j - \ 

signal transfer so thai, unlike the prior an, no problem of residual image occurs under the condition of i • ■ ;„■ % ^ , h "■■ <\; 



v Fo M t = v rcs1 -Q aat /c FO <v <ip 



1 ' • " : v ' : - ■: :> v", '-'^ 

[0068] Therefore, the saturation charge Q^, of. the photodiode only has to meet the requirement of A.< Q^^-This' f\ -f- : % 

;|ma3ns that a greater tolerance is allowed for variances jrvdesigning and manufacturing - phptddtbdes' and hence the ;• f : ': [f. $H § 

manufacturing yield win fee improved; '( . * ...^ 



r.. t ,■ 



[0069] Meanwhile* the margin of the .saturation charge Q^, for realising Vp Dsal > V dp may be widened by raising the ; 
1 preset voltage in other words, the margin of the saturation charge C^ T can bo widened from interval AB to qntorval ^ 
.^AE by raising the reset voltage of the floating diffusiph region frorn \f f ^ to in 5. Then, howey^r. the h V- 

so supply voltage has to be raised at least by more than S volt This entails a higher power consumption rale and thWneed : •; : : . f l ■ ■ 4 

of arranging an additional power source lor the sensor chip along with other problems that can degradett^ * - v , :f I 
•of thc^chip. . •"-.t^- i. ! V' f i^- "VW ■ . "0 1 v.. 



Embodiment 2 
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;|[0O7d]. "Now. another embodiment Of the -present invention will be described by iref erring to'FiG$. 6, 7'and'.a."\. 1 V fi "i "^|T-S | 

[0071] FIG. 6 is a schematic cross sectional view of the second embodiment of solid-st^ite image. pickup 'devicb 'f' ' . t$ l 
according to the invention. FIG. 7 is a schcimatic illustration of changes that can lake place in the potential profiles of 
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principal sections of the embodiment of solid-state image pickup device of FIG. 6. FIG. 8 is a drive taming chart illustrating,; , 
the operation of the preferred embodiment of solid-state image pickup device of FIG. 6/ Note That the embocfirnenvof ""' 
' solid-stale image pickup device of FIG. 6 has a basic circuit configuration same as the embodiment of FIG: 1 . ;: 

[0072] Referring to FIG. 6, the photodiode of the photoelectric converter of this embodiment is a buried type photo- . % \ 

s diode comprising a P-type well 101 formed in the substrate surface, a N-type region 105 and a surface p-region^u*^ ;! {t . 5 . , 

: ;, As described afcove, with a buried type photodiode. the dark current that can be ge '. rC " : { " $l ' 

oxide film 106 of Si0 2 can be suppressed by arranging a p* -layer containing an impurity to a high conceniration level , ^ ; ' Vj. k : ; 

at the surface. Additionally, the saturation charge of the photodiode can bo raised by the junction capacitance generated ' ' .'" [y* -\ 

between the n4ayar of the storage section and the p + -layer of The surface, in FIG. 6, there are also shown the' gate"; 1 W ; /Vr c "/') - I 

io electrode 102 of transfer switch Q1 , an ri-type semiconductor region 103 which wiH operate 'as floating diffusion -leg^n; ' t • H'^'l}^:^''^^ 

FD and the gate electrode 107 of reset switch Q2. '* t ' j?& : i -.V I' 

[0073] F)G. 7 illustrates changes of potential profile, and PD denotes the photodiode. while TX denotes the portk?^ , .* : * £ ') V 

\ !, under the gate of the transfer switch and RST denotes the portion under the gale of the reset switch. • • * ?'"$\ r\> V ; ;?j C 

' [0074] The embodimenl of solid-staie image pickup device operates in a manner as described below '. - ^ . ; ■' 

[0075] Referring to FIG. 8. after the photodiode and the floating diffusion region 103 are reset, Ihc noise is read out ! ■*[ | '* J 

from output terminal Vout by means of a read circuit as shown in FIG. 1 . . - • v V {J'\ >l 

':, [0076) .Then, as shown in FIG. 8, the transfer switch Qt is turned on by applying a high level signal (transfer signal; ; ; * l • f ,1 >H k 

$TX) to the gate 102 of the transfer ewitchQi arid the optica] signal charge stored in Uic pribtodiode. is read out to fhe' . x v. [['< ;£.'■■ ,V 

floating diffusion region 103 (FD) by way of the transfer switch. PP1 in FIG. 7 shows the potential profile that will be '. *■ : '* , ; ' if 

2Q ■ observed at this time. . . ''I * ^ . ! t . &\"P. \ ,| 

-[0077] Then, as shown in FIG. 8, the transfer switch Q1 is turned off by applying a low level signal to The gate 1(S2. ? " ; V*T? V;^f ^'ll fl. 
of ihc transfer switch Ol and the sensor signal is read out by applying a read signal to a source follower circuit. The* 
sensor signal is read put by transforming the signal charge Cl^ into voltage Q^Gpo by means of the capacitance^ 
% Cpo of the floating diffusion region FD. PP2 in FIG. 7 shows the potential profile that wiM be observed at this time. ! ■; -M' .. 

25 [0078] Then, ihe reset switch Q2 is turned on by applying a high level signal (reset sigriaf^RST) To the reset switch y W>; fl 

Q2 in order to resel ihc floating diffusion region 103 as shown in FIG 8. Additionally, the transfer switch Q lis also 1 '""v; • ., 

lumed on to reset the photodiode. PP3 in FIG. 7 shows the potential profile that wHl be observed at this time= „ , k :,-^\ :% '■ f 

; ^[0079] Then, after turning off the transfer, switch' 01 , the reset switch; Q2 is also turned off to terminate 'the res'cttifiig;; ''■ l^Vy^f^i'S t 

operation. PP4 in FIG. 7 shows The potential profile thai will be observed after terminating tfie resetting operation, i- <: . i.\ ; - ^Jj : ; | 

30 [0080] As described above, a resetting operation can be carried out to deplete the photodiode prior to a storage - ; ' i ft ^jjf i "'/ 

M , .operation without additionally arranging an overflow -drain clement or a resel element for the photodiode, by ; holdingpy|^ j • k Vijsi / 

1 ' ; - r ' the voi'tagc ol tHe floating diffusion region 'to a level that is sufficiently High for applying # reverse" bias voltsrJVhi'gHer^ ; I:-? • i ^ :? * y 

than the depletion voltage to the photodiode before opening the transfer switch. Then, a greater tolerance is allowed ; • ^6 (; 

for variances in manufacturing phoicdiodcs and Whence the manufacturing yield will be improved. ;t 4 *'J : ^ [f 

Emboditnonl 3 * \" -'-'-fe ' 

[0081] FIG 9 is an equivalent circuit diagram, of a pixel of the solid-state image pickup device according; fc? the^; \ ?'::k A:^'f' i 

■iVinVentioh, In Fiqi. 9, the photodiode -PO is a -buried Type photodiode as in the case of ;thc preceding embciairt»ents. . f ^ l/ 1 1 
46 ■ Olhcrwise, there are shown a MOS 'transistor Qt' operating as transfer switch tor trarwWfn^ a'iphctociGcmc char^/. „J> ['[ ! VJi ? r ' i 

to floating diffusion region FD, a MOS transistor Q2 operating as reset swilch for resetting the floating dffusion region ; 'I } r ; f $ : 

• , FQ. an input MOS transistor Q3 of a source follower for outjautting the voltage of the floating diffusion' region SfcDj and : . \ 
,5 .a MOS^ transistdr Q4 operating as selection' switch for selecting a pixell..'The input. MO§ : tr4hSistor '03 of tnb-sourpe'/'- r " f-f 1-} 
follower takes the role of a signal amplifier and the floating' diffusion region FD operates as the input terminal of this; ■ . ; 1 
49 . signal amplifier. 

' ,,,[0082], FIG. 1 0 is a schematic bircuit diagram ofa.solid-state 5 image pickup device cdmprisirig a rratrfxof 2 X ^ pete'is , '|H 
PX, each having a circuit configuration as shown in FIG. 9 { 1 ? 



[0083] The pixels PX1 and PX2 of The first row have a common selection signal line 503 for receiving 'pulse signal ' . ; i 3 ^ 



; $T1 as input from control circuit SCC Similarly, the pixels PX3 and PX4 of the second row have i\ ^commoivseiecticin ■ ^ i 



50 • iisignallinc 503 lor receiving pulse sio/ial <>T2 as input from the'comrol circuit SGfc ' - .'^ " ^■Sr ^:;f^"'^ j? 

' [0084] Additionally, the pixels PXl and PX3 of the first column have ; a common signal-output line 504" which ?is- ; v ' . . .;; f . £: ; . - 

conneaedto a load array 511 and a memory 512. Similarly, the pixels PX2 and PX4 of the 'second column have a > ; r. y);$;''^ f 

■ common stqnal output line 504 which is also connected io the loadarray511 and the memory 5^1 ?. The memi*y l 5 12" ' £ ><t ^ . : l\ 



ss 



•••has <4 capacitance for storing a noise cornporicnt and a capacnance for storing a sio^alcdfriip^^ arid is a : daptecl ( j6 V 

slore an outpur signal in these capacitances upon receiving a sampling pulse as input. Reset lines 502 and transfer • j .. ' /■]] i *~ 

. control lines 506 are connected to the control circuit SCC so as to input a pulse signal to all the pixels or on a row by 4 _ / V-^Vri " 

. -,,row basis.in order to tum on a target transistor: ' ' . ' •■ $ '--fi, :S^r*J<ffij:i 

^[0085] The signal read out from the memory 51 2 is scanned by scanning circuit 513, which; may be a shift register, ; r : X\ '■ t\ ^ * J S \ 
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and output by way of output terminal SG. ' * 

[0086] FIG. 11 is a drive timing chart illustrating drive pulses to be used for reading a pixel. 

[0087] i Before starting a storing operation, the transfer switch Ql is turned on by inputting a pulse #TX to trie can^i V 
spending transfer control line 506 as indicated by T1 . while keeping the reset switch Q2 in an on-stale, to reset and- 
deplete the photodiode. ' r 

[00881 For instance, when the voltage VD D of the power supply line 50 1 is 5 volts and the reset switch Q2 is on, the,, ( t y 
floating diffusion region is made to show a voltage of about 3.5 volts. The depletion voltage of the photodiocle under " f ! 
this condition will be about 2 5 vofts. As the photodiode is reset, the inside of the photodiode will be depicted. The*;. * 
depleted condition of the photodiode can be evidenced by means of a residual image experiment. 
[00891 Subsequently, a signal is 6tored for 1/30 seconds. The reset switch Q2 is held on mostly during the signal. 
storing period. Thereafter the reset switch Q2 is turned off by applying a pulse as indicated by T3 to bring the diffusion : f 
region FD into a floating state. Then, the selection switch Q4 is turned on to read out the stored signal by applying a ! 
pulse as indicated by T4. Thue, the voltage corresponding to the voltage of the floating diffusion region is output from 
the corresponding signal outpin line 504 by means of the source follower compi-ising the load array 511 connected to'i 
the MOS transistor Q3 and the corresponding signal output line 504. this output is sampled by the memory 512. '? 
[0090] m this instance, the noise component o1 the pixel can be read out by turning oft the reset switch Q2 from an*' 
on-6tate and subsequently turning on the selection switch Q4 while keeping the transfer switch Ql in an off -state during „ 
. the reading period TR. For th is purpose, the noise component is stored in the noi6e storage capacitance of the me'mor/ 
512 by means of a sampling pulse T5 After turning on the transfer switch Q1 by means of a pulse T6, the signal" 
component is stored in the signal stor«ige capacitance of the memory 51 2 by applying a sampling pul6e T7 also during' 
the reading period. 

[0091] Then, an output signal with a reduce noise level can be obtained by outputting the difference of the signal;" 
component and the noise component obtained in this way by means of a subtracter, which is typically a differential " 
amplifier. 

[0092] . Since the diffusion region FD is in a floating state, when sampling the signal component, the voltage v> 0 ofv 
the diffusion region FD is expressed by subtracting C^C ro 'trom the reset .voltage V,^ or V po = - Q/C F0 (where**- 
is the transferred ciectnc charge). 

[0093] A signal corresponding to the voltage is output from the signal output line 504 and sampled.^ 
[0094] Then, the inside of the photodiode is depleted before. entering a subsequent storage periocf by Turning oh the : =M?i 
reset switch Q2 ? and opening the iransfcr switch Q1 by means ol a pulse T2. i" 
[0095] In an experiment, the photoelectric conversion performance ol the embodiment was* evaluated by using the" 4- 
signal obtained as a result of the above operalipn to evidence a good linearity of the performance. The voltage qf the 
floating diffusion region tell to i'. 5 yohs when the output was saturated; . : -. . V' ^ >. ^ 

[0096] For the purpose of comparison, the residual image was observed while constantly^kccping the pulse <frTX?to^ 
the transfer switch Ql at a low level to find a residual image of about 20 to 30%. 
[0097] Table below summanly shpws the obtained results > 
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"Embodiment '4 ; ■ i i P .V 

[0098] An operation of ule. embodiment of solid-state image pickup device as shown in FIG.T0 using an.ot^er.^fiye^;i 
m timing chart will pe discussed below, although the reset phase*of this operation rs same as the aljove described bn<b. 
[0099] While FIG. 10 shows a matrix of 2 X 2 pixels, FIG 12 shows a drive timing chart for the pixels of given three.' 
rows of a matrix having three or more than three rows. 

[0100] ;in FIG. 12, each of the periods 7a, 7bfand 7c correspond to the reading period TR in FIG. 11, QhtKe qther 
" hand, periods 7 a; 7B and 7C are horizontal scanning periods' of sequentially outpuning^the^ sigrTals of thG respective 
rows stored in the memory 51 2 on a time series basis by means of scanning circuit 51 3. More specifically, in the reading 
period 7a, the signals of the pixel6 of the (n-l)-lh row ares read out arid written in the line memory 512 for- the row as 
^the noise component and the optical signal cornppnent. Then, in fhe horizontal scanning p/Bripd 7/\. thesic^ls^wfjtten^i 
T, :in the line memory 512 are sequentially read out oh a time series basis.' All the photodtocfes are storing signals,** least jy: . 
dunng the horizontal scanning period 7A. Subsequently, the signals of the pixels of the n-ih row.are read'out'in the* ' 
reading period 7b and the signals in the line memory 512 are read out in the horizontal scanning 06000' 7B. Thus, ihe^.. 
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operation of reading out the signals from the pixels and then from the line memory is conducted on a row by row oasjs ir * 
in a rolling shutter mode. As a result, an excellent moving imago that is free from any residual image can be" retrieved.' 
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Embodiments , 

[0101] FIG. 1 3 is a schematic illustration of an image input apparatus realized by using a soHd-state image pickup * 
device 1 according to the invention. The apparatus comprises an optical system 3 such as a lens and a mechanical 
shutter 2 and the exposure lime (storage time) of the solid-state image pickup device 1 is controlled by the snuttbr ?. ' 
The reset operation of the solid-state image pickup device 1 proceeds in a manner as described above. 
[0102] The image input apparatus operates in a manner as described below with referring to FIG. 14. 
[0103] The pholodiodes of the solid- stale image pickup device 1 are reset in the initial reset period Qs of the,overall... 
. open-shutter interval to eliminate all the signals that may have been stored there. Then, signats are stored and the' 
shutter is closed after a predetermined period of time. Then, the signals of the pixels of' the (n-l)-th row arc read ouV 
to the line memory 51 2 in the reading period 8b and subsequently the signats held in the line memory 51 2 are sequen- 
tially reaid out by means of the scanning circuit 513 in the horizontal scanning period 8B. Thereafter, the signals of the^ 
»;'. pixels of the n-tfo row are read out to ihe line memory in the reading period 8a and subsequently the signals heid lni. 
the line memory 512 are sequentially read out by means of the scanning circuit 513 in the horizontal scanning period 1 ' 
6A. A similar operation will be repeated to read out the signals from the pixels of all the rows. This technique is p3rticv 
\ t ularfy adapted to picking up a still image because ail the pixels arc provided with a same and unique- storage "fimte. . *■ 

Embodiment 6 

.-, [0104] HG. 1 5 is a schematic illustration of a still another embodiment of solid-state image pickup device comprikirto \ 
a sensor section containing pixels arnmged to form a matrix, a bus line for transmitting the signals from the sensor ; 
section to an A/D converter and a memory section for storing the A/0 convened signals read out from ail the pixels, 
[0105] FIG. 16 is a drive timing chart illustrating the operation of the soiid-state image pickup device of FIG 15. The % 
.»:. reset operation of the solid-stale imago pickup device i proceeds in a manner as described above. 
[0106] Referring to FIG. 16, alt the pixels are reset in the reset period 9s. 

[0107] After a predetermined storage time, the mechanical shutter 2 is closed to terminate the Operation or storing 
: optical signals. . * '-. [y : 

1 [0108] Then, in the reading period 9», the signals of the (n-1 )-th row'are read out and input to the A/D converter 
way of the bus line. Thus, the analog signals converted into.digital signals, which arc then wrinon in the respective 
positions o1 the memory section having the predetermined respective addresses. 
.;.[0109] Subsequently, in the reading period 9b, the signals of the n-th ^ow are read out,: A/D converted land w'ritteVi In 
the respective positions of the memory section having the predetermined respective addresses. • 
[0110] Then, in the reading period 9c, the (n*1)-th row arc read out and written in the respective positions of the 
memory section having the predetermined respective addresses. 

i[0111] In this way, signals are stored after resetting all the pholodiodes and the signals of each row are read out and • 
input to the A/D converter by way of the bus line. Then, the image signals digitized by the A/D converter are written in . 
the memory calls prepared for the respective pixels Thus, thc'soiid-state image picKup device according lo the invention [ 
\\s adapted to pickup an image regardless if the image is a moving image or a still imago. Particularly, in the case pi a V f.\ 
• moving image, the immediately preceding image can be processed by means of a image processing I C during tr^e ; ' I 
storage period of the current image. 

Embodiment? ' . . ■ »' t ■ f V "i 

■ ... , ^ I) ^ f - 

.[0112] PIG. 17 is a schematic illustration of still another embodiment of solid-state image pickup device according 
? - to the invention. . ■ ^ t ', 

• if0ll3] The sensor section of this embodiment is divided into four blocks! which are provided with respective horizontal • ' • ' ' 
• so and veriicat scanning selection circuits. . '< : ' 

[0114] Each scanning selection circuit can be used to select a row and a column under the control of a scanning . 
control IC with an independent timing. ? ■„ [)■ \ ,/-"!*$'■ 

1 : [0115] The reaa* out pixel signals ate subjected to A/D conversion and ? the digitized signals are Wriricn in the' memory -•. • 
section. •'*'•'. *\ , 

55 [oi is] With this embodiment, the storage time of the current frame canbe determined on a row by row basis according % . 
■ /to Ihe image signals of the immediately preceding frame. '< ' .;> s ?J f . : - 

[0117] For example, as shown in FIG. 18. the photodiodes are resef in the reset period 10S for the first frame and 
then a storage operation is started. Subsequently, signals are sequentially readout on a row by row basis in the reading ' /■ 
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periods 10a Ihrough 10c and written in the memory section. ' . ' ,/\ 

{0118] If signals that can be regarded as saturated signals arc found in the image signals stored in the memory, -J 

, section, the storage period of the next frame can be altered by shifting^ timing of start^ 1 ' * ■ c ' . '• ; 

[01 1 9] For example, when the reset period is started at a time tor ail the rows and some of the signals from the pixels . '; ?! !« 

of the n-throw and those from the pixels of . the (n+t)-th row are saturated, the storage period of We n-th row aid the "7 * V ■ iV \ 

(n i-1>lh row are shortened by forwardly shifting the reset periods 9Sn and 9Sn*1 on the basis of the judgment of the - : f ' , '; i ; 

;• scanning control' IC. ' V 5 ' : ' ' ' \ ' - 1 
[0120] In this embodiment, a relationship between the quantity of light and the sensor output as indicated by C1 'W 
FIG. 20 is obtained by controllingthc storage period by means of the scanning control IC. More specifically, the operation.. ■ 

of the photodiodes of this embodiment is shitted forwardly from the end of thereset operation of the (n-t^thSow.to^f i !\ *| 0 

reduce the storage period of The n-th row and that of the (n^l)-th row to about 1/2 of that of the (n-1) -throw. As a result." *v : P 

a phenomenon of saturated output that otherwise occurs as indicated by C2 in FIG. 20 if the reset period Is started.af I ''\ i V 

a time for all the rows can be avoided and the output will show a curve CI, representing an excellent tone, even wherf. , * • -J'' 

V ihe quantity of light entering the solid-state image pickup device is more than doubled from the ordinary level. : -' : ^ V (i iff 'S t 1-1,1 ? 



Embodiment 8 



tv f012l) This embodiment is adapted to prevent the blooming phenornenon from taking place by holding the,.witagcvJ.' : ; * f* * 

applied to the transfer gate to a predetermined level so that the electric charge stored in the photodiodes during the r > . I : ! i- i , .'f J 

storage period may partly flow out to the diffusion region FD That is held to the reset potential. FIR, 21 is a schematic: \ i t> 

:. cross ; sectional view ol a principal portion of this'c^odirnent of sotid-sjaiG image pickiip..ctevice> Wfi ' j^.tv- & $ ^ 



* [0122) For example, the polontiai barrier of the transfer gate TX is lowered slightly as indicated by SI in FIG: 22?to 

make any excessive electric charge to flow into the diffusion region F0 by raising the volta^e'of the low level pulse or • • i ! T j J 

$TX in FIG. 2 from the voltage of the P-type well 101. ., •, .\ ^V.'i" 

es' : q. [0123J To be more accurate, while the LOW fevel of the MOS transistor Qi of the transfer switch shown in Fib.' 2' or H - V ^.-ff * 
FIG. 11 is equal to the ground level, the LOW tcvel q| the MOS transistor Qi of the embodtmcrit' is raised by 6.3 volt' , ■ ' • ' 'j, 

from the ground level. As a result, the potential profile of the photodiodes and the transfer switch wili be like the one " a : * • 

* : indicated by S1 in FIG. 22. Note that 32.in FIG. 22 indicates the corresponding potential profile, when the LOW level:' 
' is made equal to the GN0 level (0 volt): * ',- '•. : V: \ 

io [0124] In this embodiment, the low potential portion of the MOS transistor QI is made to operate as the channel 
section TX of the transfer switch and ihe transfer switch itself is made to operate as a horizontal type overflow drain. 
\ by raisin'g the LOW level of the MOS transistor Qi mother words, the. transfer switch is made to bpnra^e as a hor^ontof 
type overflow drain by holding the potential of the diffusion region to a fixed level during The Storage period and con- 
trolling the gate voltage of the transfer switch so as to make it half open. As a result, any cross talk can be effectively ' . - . . ; 1 ^ 
a&. - . suppressed. • I '' ^ 

v ,101251 As described above in detail, with any of the embodiments of the invention, the transfer slwitch can be 'opened jt 1 . '',' l T : 

by hoidmg the floating diffusion region lo a voltage level with which a reverse bias voltage higher than the depletion!' 



voltage can be applied deforc the star of the next storage period. Thus, any residual electric charge remaining in the >' i v 

photoelectric converTer can be eliminated to reset the latter so as to provide the advantages as (isted telbw Xi * ■ . : 



•i 



(1) Any transfer residue attributable lo variances in the electric charge of the photodiodes that are brought in by. , i ■ $ ' 
the variances of the products can be eliminated after the transfer operation. V 

(2) A solid-s^atc image pickup device that is free from any residual image can be provided Without raising the ! power ' ; - -% • ',: ^L jfM'^ lf 
supply voltage and increasing the pixel si2e. ■-..'} V " • < 'y J 



1 ^4 



[0t2q Meanwhile. Japanese Patent Pubticanon No. 7-105915 described a method of resetting a photodiodc by usingWtfr } v , " ir 

,: a switch ctcment arranged separately However: The disclosed technique does nor provide 1 any appropriate way fbr" "-^' > ; j;i 
reducing the pixel size. { v' - 

[0127] With the technique disclosed in the above patent document, the photodiode is arranged within a weVahd I , \ \ V^'U *. 

; shows a. simple PN junction with a high concentration impurity region of the type opposite to that of the well. Such anllV 1 ; ' ! t s -if ' : - ; J 

■ ; arrangement; hdweyer entails a large reset nbiso that is a function of trie junction capacitance of^fl Photodiode if ihc ^ ' . ' } S !| j 1 f 

photodiode is reset. To the contrary, with a method of resetting a solid-state image pickup device according to trie ' • : ' y \ ' .; H ;v. , t . </ 1 "5 

invention, the device Is reset by dopieting eachpf the photodiodes and the reset noise is, it any, negligible.. •. , ; : .. '*; i* \ v * 

^ [01-28] • .'ThcreareCCOs having an overflow dm : . y\ | 

' function of resetting an the pixels collectively While such a device is adapted to deplete the buried type photodiodes ' ' ^ / C ' 1i « ^ 

for resening as in the case of a solid-state image pickup device according to the invention, a vertical type overflow ' .} ■ . '\-%J; '.t f 

drain has a device structure that is totally different from a surface device such as a MOS transistor and <ext ends do wfi - j..^;. «' . t \ * . \ & 

•wardly. Therefor^, although it does not occupy the pixel area, it canrio^wnw . iffr+i^-f {'f4 > 
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v Additionally, such a device can only reset the pixels collectively. { ; fe • 

[0129] To the contrary, with a.solid-Mate imago pickup device according to the invention, the transfer swilch can be 
made to operate as a horizontal type overflow drain by holding the potential of the diffusion region lo a (heed level during, 

■ the storage period and controlling the gate voltage of the transfer switch so as tomakc it naif open. Thus, a sd&-state?- 
4 image pickup device according to the invention docs not need to comprise a vertical type overflew dram that can be • 

prepared only with difficulty nor a horizontal type overflow drain Thai obstructs the eflort of reducing the pixel size/ 
Therefore, a solid-state image pickup device according to the invention is particularly adapted to reducing the pixel $ize - 
f [01 30] Additionally, a solid-state imago pickup device .according to the invention is adapted to'carry but a so^leoV" 
rolling shutter operation by resetting the photodiodes by means of the transfer switch after treading the signals to the-' 
floating diffusion region on a row by row basis. 

[0131] Still additionally, ihe photodiode of any selected pixel can be reset by arranging a decoder in the scanning, 1 ■? 
Section of the control electrode of the transfer switch. 

[01 32] On the other hand, the transfer swilch can be opened for all the pixels by holding the floating diffusion region 
to a voltage level with which a reverse bias voltage higher than the depletion voltage can be applied. With such an, 

. arrangement, the transfer switch can be used as the electronic shutter ci an electric stilj camera. • ■• :| f; ; 

*■ [0133] As described above, according to the invention, since the transfer switch can be pfiened while holding the 
floating diffusion region to a voltage level so that a reverse bias voltage higher than the depletion voltage can be applied. \ 
it is possible to carry out a resetting operation of depleting the photoelectric converter prior to the storage period: This 

■ means that a greater tolerance is allowed for variances in designing and manufacturing solid-state image pfekuplmages 
and hence the manufacturing yield will be improved. " ; 
[0134] Finally, according to the invention, any residual signal charge can be eliminated at the time of resetting op- 

* eration under a condition where all the electric charge cannot be transferred in the reading perioo. j "£ 



2S Claims 

1 . A solid-state image pickup device comprising a photoelectric converter, an input terminal for a signal amplifier, a ; ' 
transfer switch for transferring an olectric charge from the photoelectric converter lo the input terminal and a reset 
switch for applying a reset voltage to the input terminal, wherein said device is adapted to input a pulse, signal 
; the reset switch and the transfer switch in order lo turn on said reselswitch and said transfer switch'simultaneous^ ^ i 

A solid-state image pickup device according to claim 1 , wherein said reset voltage applied to the input terminal by 
means oi sajd reset switch is selected to be higher than the depletion voltage defined as a/averse bias Voltage f^'J 
sufficiently high for substantially depleting the semiconductor region of said photoelectric converter. '„ , ' 

. i 

A solid-state image pickup device according to claim 1, wherein said photoelectric converter comprises a buried , ( 
type photodiode. ■ ■■ -\ : v : 't 

4. A solid-slato image pickup device according to claim 1. wherein said transfer switch is a switch for depletion- 
transferring the electric charge stored in said photoelectric convener. , .^ !f 

i : • - . • .■ . ft - . », , j 

5. A solid-state image pickup device according to claim 1 . wherein said transfer swilch is a switch for transferring the 
electric charge stored in said photoelectnc converter, leaving part of the electric charge in said photoelectric con- 
verter f . ■ v : ri ■ '}'■■[ 

7 . • . ' • ... * « • } ; V • ' V * 8 '-if* 

6. A solid-state image pickup device according to claim 1 . wherein the reset voltage is so* selected as to make, the 
potential energy of 6aid input terminal lower than the potential energy of said photoelectric converter when said 

; transfer switch and said reset switch are on. ; . , . ; 1 

7. A solid-state image pickup device according to claim 1 . wherein said transfer switch is made half-open to cause 
any excessive electric charge to flow to said input terminal during Ihe storage period of the device. % 



Pi- 



8. 



A solid-state image pickup device according to claim 1, wherein the resetting operation of turning on both said ' 
transfer switch and said reset switch is conducted on a row by row basis for the photoelectric converter. 

A solid-state' image pickup device according to claim i. wherein the rosening operation of turning on both said a; 
transfer switch and said reset switch is conducted at once for all the rows. ' ' . * 



5 .... g: ' . Jr 

. : 1 .,; r.'"..?V v , i 

i. v. ' > 
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10. A solid-state image pickup device according to claim 1 , wherein the resetting timing of turning on both said transfer 
' } switch and said reset switch is modified depending on the quantity, of light entering saicf photoelectric convaher. \ ? t 

11. A solid-slate image pickup device according lo claim 1 , wherein said photoelectric converter, said input tdrminaf 
9 for a signal amplifier and said transfer switch are arranged on a same semiconductor substrate r a 

12. A solid-state image pickup device according to claim 1. wherein said input terminal is a- diffusion region. ". -C v [ 

13. Asdlid-stalc image picKup device according** claim 1, wherein said photoelectric converter . * - £^'V|.* £ 
' Prising a first semiconductor region of a first conductivity type formed in a semiconductor substrate, a. second; ' vj?; 0 % 

semiconductor region of a second conductivity type located within said first semiconductor region and a third r * t - ] :4 \ -\: \ 

semiconductor region of the first conductivity type located between said second semiconductor region and an^. ^ \* - ■ U >; 

insulation film formed on the pnncipal surface of ihc semiconductor substrate ■- ' » • > j- • v ^ *»' i i .i I' 

■ ; , • U , *;yrU 

i« 14. An image input apparatus comprising: j . ' / ; ^ 1 J 

: . • • .■■.'»£ *. '■■ i"*'. 3 

:{". a solid-state image pickup device as defined in claim 1 ; and ? ■ ' V • ! / i ■ ' £ : ■ . . »" : * 4 j { * 

a mechanical shutter for defining the exposure time of the solid state image pickup device. 5". . .. ' v.v;! t " 'ft 

, ' : • ."-J. 

. 15. An rmage inpul apparatus according to claim- M, wherein the photoelectric charge storage period is defined by the^V^ ; . A i '* ' ^ < ' : j * 

,f resetting operation of said solid-state image pickup device and the : opening/closing operation of said mechanical ' ' - i $ } 'H $ 



20 



shutier. 



25 



; s; 16. A method of reselling a solid-state image pickup device as defined in claim 1 . comprising a step of turning oirsaid! f:. 'vJ^':.?* t 
reset switch and said transfer switch simultaneously, before storing an electric charge, to eliminate an electric' 1 ■ ' " % > » "f^.! * : 1 $ '1 

charge of said photoelectric convnrter. 



0 m \ . f^i ! n;''-; , r», * 



* it- 17. A solid-siatc image pickup device comprising a photoelectric convener. ^ / % 

transfer switch for transferring an electric charge from the photoelectric converter to the input terminal. 1 a res*etj; , ' [■ i ; ' ..s <: ' ' '( 

w switch for applying a reset voltage lo the input terminal and a circuit for generating a pulse signal in order to turn : . ' J :: yl :! '% 

on said reset switch and said* transfer switch simultaneously." * ; tu [i ;i: . * if' 

18. A solid-slate image.pickup device according to claim 17, wherein said reset voltage applied lo the input terminal 5 . ; : . J : - ^ - ^ X j • ' ■ '! 

by means of said reset switch is sf.feaed to be higher than the ^depletion voltage defined as a leverse bias voltage 1 



39 1 sutrlciently high for substantially depleting -^e semiconductor region of said pHdfoe^ec1Hc• converter p ; 1 T; -: J ' f |ii ^A^v t v5:f,^i * 

19. A solid-state image pickup device according to claim 17. wherein said photoelectric converter comprises a buried ■}■ j V • I '"v j|f. ; J? 
•» ; type photodiode. , : n. -,k ,| • : V 4 < : '. V. ^ 

' ' ■ • ■/ : ; ' . < ; >V V • '•'/" ^ '"''^ . ^-f^ftB'^'M-V 

20. A solid-state image pickup device according to claim 17. wherein said transfer switches a switch for depletion-,' . . X ' ^ 
transferring iheeleclric charge stored in said photoelectric converter. : ■ ' • ^ J-. 4 

K 21. A solid-staie image.pickup device according to claim 17, wherein said transfer switch is a switch for transferring '-'' : J y \ ' s $ :i Jlj$ ^ T:' : f .{ 



40 



the electric charge stored in said plnotoelectiic converter, leaving part of Ihe electric charge in said (Photoelectric " 



t '\ 

converter. . : " 'v'*' ■ \ 

22. A solid-state image pickup device according to claim 1 7. wherein the reset voltage is so selectad as tofmaice the ; : -v; ^i'jjr ' v.-'! '\ 



potential energy ol said input terminal lower than the potential energy of said photoelectric converter when said . '< ' i i 



Iransfer switch and said reset switch arc on. 

$0 .. , ■ ' . ; . , -" :.- \h 



23. A solid-state image pickup device according to claim 1 7, wherein said Iransfer switch is fnade half open to cause " , 

any excessive electric charge to flow to said input terminal during the storage period of the device. ! " -? J - : ' V\ 

" r 24, A solid-stale image pickup device according to claim 17, whereihihe resetting operation of jiuming on both said f ' "%\ '^'{ffif $ 

) S5 transfer swilch and said reset swath is^ ^conducled on a ^ row by row basis for the photdeiectric converter! ! - 1 r - * ♦ A' i ( V ' ' l 



;,2S. A solid-state image.pickup device according' lo claim 17. wherein the resetting operattoh of turning on boih^ap^v ; 6 ; \'V- l j'lg l^i fi | ! 

transfer 6 witch and said reset switch is conducted at once for all the rows. ' / ■ ; J • ' i'i Wf) ''.Ki 
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26. A sotid-state image pickup device according 10 claim 17, wherein the resetting liming of turning on both said transfer '; 
switch and said reset switch is modified depending on the quantity of light entering said photoelectric converter . .! 

' j..2T. A solid state image pickup device according to claim 17. wherein said photoelectric converter; said input iirriinal ! * * ■ 
for a signal amplifier and said transfer switch are arranged on a same semiconductor substrate. 

2a A solid-state image pickup device according to claim 17, wherein said input terminal is a dif fusion region. i - ■ ^. 

29. A solid-stats image pickup device according to claim 17, wherein said photoelectric converter is a photodiodc " \ 
{ comprising a rirst semiconductor rngion of a first conductivity type formed in a semiconductor substrate, a second .,' , 
; ;• semiconductor region of a second conductivity type located within, said first semiconductor region and a ihigj ; \v i 
semiconductor region of the first conductivity type located betweon said second semiconductor region and an/; ' 
insulation film formed on the principal surface of ihe semiconductor substrate. 



JS '30. An image input apparatus comprising; 



>2Q 31. 



a solid-state image pickup device as defined in claim 17; and 

a mechanical shutter for defining the exposure time ot the solid-state image pickup device. 



32. 



25 



An image input apparatus according to claim 30, wherein the photoelectric chargo storage period is defined by the '* . ■« « 
resetting operation of said solid-state image pickup device and the opening/closing operation of said mechanical Ht 
shuher. r ■ f , ','.*' ' { $ : % : 'flf'\ 

■-. "* ' 

A method of resetting a solid-stale image pickup device as defined in claim 17, comprising ?i step of turning on ' 
said- reset switch and said transfer switch before storing an electric charge to eliminate trip electric charge/of said 
photoelectric converter. V- ; 7 



33. 



30 



1 .V*. 



35 34. 



40 



A solid-state image sensing device having a photosensitive demerit for generating and storing electrical charge- 
in response to light incident thereon, a transfer electrode for receiving, a voltage to enable transfer of 'electrical 
charge, a reset electrode for resetting the charge state of the photosensitive element and control means tor con- 
trolling application of voltages to the transfer and reset electrodes such that a transfer voltage is applied to trie 
transfer clcctrodeto transfer charge while a reset voltage is applied to the reset electrode to facilitate removal of 
residual charge during a reset operation. ■' * • * j - . 

i ' 

An image input apparatus such as a digital camera, video camera, scanner or sensor comprising a device in 
accordance with any one Or any combination of claims 1 to 29 and 33. f . 
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